Reduced bacterial killing by polymorphonuclear leucocytes has been reported in patients with diabetes mellitus. Whether this is due to reduced content of bactericidal granular proteins has not been determined. We therefore immunochemically measured the content of myeloperoxidase, lactoferrin, lysozyme, cathepsin G and elastase in polymorphonuclear leucocytes from 50 insulin-treated diabetic patients. The peroxidase activity was also measured. Normal contents of myeloperoxidase and lactoferrin as well as normal peroxidase activity were found. The average contents of cathepsin G, elastase and lysozyme were 2.5, 3.2 and 2.6 ~g/106 polymorphonuclear leucocytes, respectively, and thus 14, 45 and 18% higher than the contents of normal polymorphonuclear leucocytes. The results indicate that reduced intracellular killing of bacteria demonstrated in previous studies in diabetic patients does not appear to be related to a reduction in the content of bactericidal proteins.
Abnormal function of polymorphonuclear leucocytes (PMN) may be one mechanism predisposing the diabetic patient to bacterial infections. Thus, reduction in bacterial killing by PMN of patients with diabetes mellitus has been demonstrated by several investigators [1] [2] [3] [4] [5] . However, the cause of this abnormality is uncertain; it may in some instances partly be a consequence of a poor control of the diabetes, although this is still controversial [1] [2] 4] .
Two principally different mechanisms may be responsible for the bacterial killing by PMN. One is dependent upon the uptake of oxygen and the formation of various toxic oxygen species such as 02, H202 and OH [6 a] ; the other is independent of the action of preformed bactericidal granule proteins such as cathepsin G, lactoferrin, lysozyme, myeloperoxidase and the permeability-increasing protein [6b, 7] . In addition, elastase, although not bactericidal by itself, may act by potentiating the bactericidal properties of other components [7] . The oxidative killing mechanisms are probably defective in the PMN of diabetic patients [8] . With respect to bactericidal proteins, few studies have approached this question. In a recent review of haematologic alterations in diabetes mellitus [9] , it was pointed out that no quantitative or qualitative evaluation of granule associated antimicrobial agents had been performed. However, one study showed normal activity of lysozyme in PMN from diabetic patients [10] . The purpose of this study was to measure the cellular content of bactericidal proteins in PMN from insulin-treated patients with diabetes mellitus in order to test the hypothesis that reductions in their content might be one factor predisposing these patients to bacterial infections.
Subjects and methods
Fifty patients with insulin-treated diabetes mellitus were studied (Table 2) . Two control groups were used. One (A) consisted of 32 healthy laboratory employees, 17 males, mean age 36 (range 23-65 years); and 15 women, mean age 34 (range 23-57 years). The other control group (B) consisted of 28 healthy blood donors, 15 males, mean age 36 (range 21-57 years); and 10 women, mean age 32 (range 22-46 years). The sex of 3 blood donors could not be identified retrospectively.
Polymorphonuclear leucocytes (PMN) were separated by means of the Ficoll-Isopaque method [11] . Granule proteins were extracted from the PMN by means of 0.3% N-Cethyl-N, N,N-trimethylammoniumbromide (CTAB) for 30 min at 22 °C [12] . Cellular content of myeloperoxidase, cathepsin G and lactoferrin was measured by means of radialimmunodiffusion and lysozyme [13] and elastase [14] by means of a specific radioimmunoassay. Peroxidase activity was measured by a luminol enhanced chemiluminescence method. Briefly, the reaction mixture contained 50 ~tl EDTA (2 mmol/1), 50 gl H202 (17.6 mmol/l), 100 ~tl Luminol (100 l-tg/ml) and 50 gl cellextract (5 x 104 PMN/ml). Reaction temperature was 37 °C. The reaction was followed contin- The Netherlands) to which a recorder had been connected. The reaction was biphasic, with maxima occuring within 1 min and after 4-]0rain. The peroxidase activity was calculated from the second peak and expressed as units/l with 1 U corresponding to the peroxidase activity of 1 mg/1 of a purified myeloperoxidase preparation. The coefficient of variation of the method was on average 7.5%.
Stat&tical analys&
Statistical differences between means were evaluated by two-tailed unpaired Student's t-test. The results are presented as arithmetic means _+ SD.
Results
Normal contents of lactoferrin and myeloperoxidase were found in PMN from diabetic patients, whereas the lysozyme content (p < 0.02) and those of elastase (p < 0.001) and cathepsin G (p<0.01) were significantly higher than in the controls (Figs. 1-5 ).
The peroxidase activity of the PMN from 28 of the patients was similar to the activity of the PMN from the controls ( Table 1) . Since the eosinophil peroxidase has a great influence on the peroxidase method [15] , the percentages of eosinophils represented in the isolated PMN were calculated and found to be similar in the two groups; 11.4+7.3% (_+SD) in the diabetic group and 10.0 + 6.7% in the controls.
No relationships between age, duration or actual glycaemic control of the diabetic patients and the cellular contents of either lactoferrin, lysozyme, myeloperoxidase, elastase or cathepsin G were discernible. The blood PMN counts of the diabetic group (4.0 x 109/1 _+ 1.9) were not different from those of the controls (3.6 x ~109/1 ± 1.3). Elastase did not show any relation to the presence of albuminuria, retinopathy or neuropathy. 
Discussion
This investigation has demonstrated normal or slightly increased amounts of the bactericidal granule proteins lactoferrin, lysozyme, myeloperoxidase and cathepsin G and highly increased content of elastase in PMN isolated from patients with diabetes mellitus. Functional abnormalities of the proteins have not been entirely excluded, although the normal peroxidase activity in the PMN isolated from our patients makes this less likely. One other study has reported an overrepresentation of patients with diabetes mellitus among individuals with relative myeloperoxidase deficiency [16] . The deficiency state was picked up by means of a Hemalog, an automated cytochemical analyser measuring peroxidase activity (Technicon, Tarrytown, NY, USA), in a re- The figures are given as mean _ SD and range (in parentheses) a 24 patients had retinopathy, 6 of whom also had neuropathy gion of Italy which has shown a very high frequency of myeloperoxidase deficiency in the general population [17] . Among our patients we found no deficiency state. Reduction of PMN myeloperoxidase may also be a consequence of ongoing bacterial infections [12] . None of our patients had at the time of blood sampling clinical signs of infections.
Controls Diabetic patients
Lysozyme appears to be somewhat higher in the PMN of diabetic patients. This observation is in contrast to the findings of others using a functional assay of lysozyme [10] , and could therefore have methodological explanations.
Polymorphonuclear leucocytes (PMN) from diabetic patients contain on average 45% more elastase than cells from healthy individuals. This increase may have direct consequences for the development of complications in diabetes, although the rough estimates of complications used in this study did not reveal any such relationships. However, this does not exclude the possibility of a relationship, since the duration was significantly longer in the group of patients with complications. Thus, elastase has been shown to degrade the special type of collagen found in the vessel wall basement membranes [18] . Elastase also degrades elastin [6c], which is responsible for the elastic properties of vessels. Furthermore, elastase has been shown to cause endothelial cell detachment [19] . Indeed, diabetic patients have an increased stiffness of their vessels [20] [21] and a derangement of the tunica elastica of their bone marrow vessels [22] . The reduced elasticity is regarded as a form of pre-aging and is found in children with diabetes [20] and in relatives of diabetic patients [23] . A derangement of the basement membrane is one of the typical findings in diabetic patients with microvascular complications and presents itself as a thickening. A parallel may be drawn from pulmonary emphysema, where the increased activity of elastase is presumed to generate not only a loss of elastic fibres but an unorganized elastin production leading to thickening and loss of elasticity [24] [25] .
The etiology to the increase of some granule proteins in diabetic patients is unknown; however, it has been shown that lipopolysaccharides experimentally can increase elastase activity of PMN in man [26] , and therefore the increase may be adaptive.
In conclusion, our study seems to rule out the possibility that the observed reduced bacterial killing capacity of PMN from patients with diabetes mellitus [1] [2] [3] [4] [5] is due to an insufficient content of bactericidal proteins within the granules. The reduction in killing capacity rather seems to be a consequence of reduced oxidative killing mechanisms [8] . The slight difference in lysozyme found in this study may also indicate an altered synthesis of granule proteins in diabetes mellitus, more clearly shown by the raised contents of elastase and cathepsin G. Whether the increased content of proteases in PMN is relevant to the vascular complications found in diabetic patients remains to be shown.
